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PREFACE 


Tin nitlimr fin iKimnnii h.is i radim malls hern regarded .is a refuel' Iriiin 
I ii Wliiitf in in i In- .in miuliicirs However. n lias met ills become apparent that 
mlimr .ur qnaliis iii.n Ur pouf .mil in >omt ca'C' pollution ludi niiiv extend 

ili'i'i' ntinlixirv AIiIihiikIi hi Imih temperate and warm rlunaics mtlnnr .ur 
ipi.ilin mil lie mmidrr.iliK .iJTnirtl In rMrfnal air quality ami tiipioiirfilotiral 
11hi iF uji>■ is. the dricrro nl iiilliii’inc mil largely be dependaiii upon building 
'li siijii mifi iher mih i Minl.in..11 ,ni<l air i mid miming praam v 

Histone alii. iiulnnr .nr ipialin problems 1 1 as e alwac c existed. for rsample in 
die lorm «if mould ami condensation formation, trinsimsstmt <»f respirable 
diseases and prodncnoti of combustion bv-products: however, pollution 
prnlileim hate intensified over (he pasi n»o rleeades. Such drterinraiinn in 
indoor arr quality is likely tube real rather ihan a reflection ofan increasing abiliiv 
in measure irat e pollutants and mav largely be attributed to the nilplentcniauou 
uf ciurgs ronsersalion measures in mans buddings leading to a reduction in 
i en i datum rum Itiiied with thr ini rod union ofan increasing number of svmlmir 
maieruU limn which a release or evaporation of volatile organic compounds mav 
occur. 

The range of substances which mav pollute the indoor air is diverse and 
sources of pollutants may be natural as well as anthropogenic in origin Pollutants 
of concern include volatile organic compounds, products of combustion, 
mineral fibres, radioactive radon gas and biological contamination bv 
microorganisms and allergens. In addition, a variety of more localised problems 
relating to occupational exposure to industrial pollutants may be encountered in 
the workplace 

This book addresses the scientific, design and health aspects of indoor air 
qualm. Each chapter has been compiled from a number of themaneally 
consistent presentations made at the Indoor Air Quality and Ventilation 
Conference held In Lisbon. Portugal, between 24th ajid 26th April 1920 under 
ihe auspices of the Technical Committee including: J.J. Amaral Mendes. 
G Aubertm. R..M. Harrison. F. He. Y.S, Kim, G.B. Leslie. S. Liao, P. O'Sullivan, 
R. Perrv, F.J, Pircs Santana, B. R. Revercme. FJ.C, Roe. E. Tsani-8aiaca and 
M Wongphanich. 

The editors gratefully acknowledge the work of this Committee. 

F W, Lunau 
G. L Remolds 
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NOTICE 

A's r— s» 

- 1j« JitJa 17 U.S. Cede/. 

ESTIMATION OF EFFECT OF ENVIRONMENTAL 
TOBACCO SMOKE ON AIR QUALITY WITHIN 
PASSENGER CABINS OF COMMERCIAL AIRCRAFT. II 

<,ti IlMikff ))»*• MW S'JM.II f V* < .mrj.t, f< B B 
«- A Hnnrr JO N, Njirr j I u.m Mur iii.l M [ Pjrtiih- 

in<l UfjiiiimPiM. i.rji Tr-thm, *1 t pit(rt RJ Rphm.I.]» r«/liii(i! LuiMpim 

'A)n»tmvS*lrm. Stin*i ^ iS t 

Rrw^t'h *nd [>rirlii)inir he f a li«llr%» M«tm I 1A PIJ »■ i* JO 141. kit hnmnti. 21261. V i A. 


ABSTRACT 

To **po»ure« to ■ft'pironmanti) tobacco *it«ok* jETS), Concentrat tom of mcotina, 

r«tpiciol« mapendad p»roci*i |RS9), and ultraviolet particulate matter <UVPK) uera 
dete canned in paiaanger c*oin* of co<wt»*rci*l aircraft. BruiMtlc naan cercent r at ion* 
af nicotin*. ASF. and UVP m in nonamoklng Mctioni ware J,J f IS, and 7 »q m\ 
M»pact»v«ly; corrtf^dinq arithmetic mean eoncantrat Iona In ■iwokLru* laetieni war* 
10.6, 39, and 76 »g <* ■ raa^ci wily. The affect of «®okir (•gradation on ITS w«« ah Own 
Dy atat i*t lc* l iy ngnif icmt dif(«r«nc*i <P < O.OSj between cor cant r*t i on a of nicotine. 
PSP, and UVPB meeaurad m nonamomng and amoving section! of the lUfraft. 


:ktboouctio« 


Th* earlier i’*port In t hi# a«r Lea Ill addraaaed r **u 1 1 a fro* iMiaurfHnt • of vapor phaae 
nicotine Ln peaaanger cabin* of n*Cro--b<NjU(3 1727-200, 47J7-300, arid B737-300 aircraft 
on U.S. domeatlc nignta. Vapor pnaa« nLCotin# wia arptoyed *■ the Indicator of 
anvirortfis* n t*l tobacco amok* (ITS) b*c»u«« it l* apeciflc to CT9 and because experiment! 
h*v* ahown that approxLmataly 9S% of th* nicotine aeeoclated with STS eeiete in tha 
vapor phaa* (7, 3|. Paault# of thi* ■irllar invest Igat Lon ahowad that amoiiar 
iagr#g«uon aigruf Leant iy reduca* «»poiur« of paaaangar* Ln non-amoklng lactlont of 
theaa aircraft to ITS and that th* design and operation of th* aircraft hatting, 
ventilating, and air conditioning (KVAC) ayatmme could account for aueh reduction. 

Sine* th* promoIgat ion of U.S. regulation* restricting amoklng (4} t no inv«a t igat ion 
of ITS in vida-bodiad aircraft ha* been reported. fceeoite fron aakiuraaanta of ETJ 
par formed In narrow-bod lad aircraft *r* not a*pactad to b* representatlv« of fTl la 
wida- bodiad aircraft becaua# of difference* Lrt th* daaign and operation of heatinq, 
intuiting, and air conditioning IHVAC} ayatem!, aeating pattern*, passenger loads, 
and langtha of flights. To aeaeee »»r* completely th« affect of cigarette smoking on 
«tc quality \n p*«a«nger cabina of coaenercLal aircraft* ve conducted investigation* in 
-ida-bodi*d aircraft during long flight*. Compared to earlier survey#, that* 
investigation* uaad more iophiaticatad ■ampllng aqulpaant capaol* of determining CTS 
conatituenta Ln addition to nicotine. Tor the inveetigatIona reported har*. eampiing 
uaa conducted throughout paeaengert cabina in both amoklng and non-a«oking aectlon# and 
in all claaaa* ot a«rvic* on board B747 aircraft. 
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Kkt&Lkll 

Inv*it igiuom «*r* |>« 1 1 o r <r* <j during p#csau»*r 1111 in cm |i4)Lft*lOO and thr## 

< CC ■ on non-itop, regularly «cn#dwl*d. w*#h-day flight# t onnact 1 nq taw 10»A (**hnta>., 
To*yo |XirU«), and hong King \K*\ TaW), HiTUlMQO* and IT 4>LA-300t haw* teat it, 
s'apacitiaa of llj and Hi ravanu* paaaangara, raap*cl ival y. 

Although coniUucttd at different tl*>*a ranging f TO* ftay lf»0 to Juft* 1111, tr\* to*\n 
HTUI-100 and -300 aircraft atudiad h&«* KV^C lyilMf of th* #4*4 4**U|f1 ill. r«<i 
lyatu h«« thra* air fo'dint.iu^ unlit raiding Into a eoataon pl«nu* lhMMl> Mr Ircy 
planur* ch**i>*r M c* • to ft** iir conditioning >on««< ion* I include* in* soopit 
ronaa 1. J, and «, xn# paaaaftgar cabin on th« *a lh la**li an# i«n* l« th* pa*i*ngti 
cinn on the upper die*. hi r can bm raalraulkltd within • fl*«n tont, but la **w# t 
r*<lr<ulat«d batsman the cttaLn and th* ptanue tha*b#r. 

uuhin in* paaaangar eaiiln. air enter* fro* outlet* high on tn* #10* *tU«i flow* lowtfg 
i ha caniar of in* cabin wnar* it converge*, and than flow* down and back along «ha floor 
'.a aha walla. At th* w.lla th* air dlvida*. on* portion tailing through th* aide mu 
into th* low*r cargo o*p*rt»*nt and th* oth*r riting to join tha mooning air fro* 
cat ) ing-la*al duct#, 

Tha »a)or aahautt routu 1* through outflow valve* lo*at*d U th* aft ventral art* of 
tha fuaalag*. Mr fro* th* patiangar oabln r«#eh*a thaaa valve* by flowing ini* <*« 
■id*-wall grill** n**r th* otbln floor and ooving aft through th* lower totg* 
coop*rto*nt. whan ill thr*« air oondlttoning paohf iff in operation, air la *ah*o*t«# 
at about 3 3Q *’ »ln' by thi* rout*. Another v«nt lyalaa. whieh a*rv*a th* lavatorial, 
galley* and atairca**, eahauet* about 30 m* *ln *» l»«Uy, a #*all Mount of air leave# 
th* cabin through *lnor la aka, occurring primarily at door aaala. Ourin* th* 
invaatigatIon, ail thr*« air conditioning pack* Operate# automatically at full rat* 
throughout *v*ry flight. Oared on th* aahauat flow rat** Identified above, a auima 
i\ ow ratt nf ISO *“ »ln' thro*gh th* cabin L* pr*au**d» 

Baciuaa th* aircraft diaigh eau**a air to to* tak«fi In ftOMwhat *ora rapidly by th* 
lloor-i*v*l grill** m th* aft i*ctlona than by ClwU**l grill*# in th* forward 
■*cttona« thar* i» * aKgnt tandaney for th* g*n*ral air wovo»*nt in th* cabin t* b* 
trow front to f«»r, Tlii, cna g*n*ral dlr*cclon of air M*» through th* cabin l* a 
diagonal «ov***nt fro* calling to floor with a Mil v«locity fro* th* rront of th* 
ctbln to tha n*r. 

laifl&nna Lsaullanj 

Tan auapllng location* w*r* randooly a*l*ct*d for aach of th* four flight*. Th* 
-intrtbution of aajapUng location# waa two in firat clan and four In aach tha 

Duairtwaa and vconowy cluiai with aqua! rtuaMri In awoklng and non-awohing aaetlona of 
<ich cltvi, wingow and buihhaad aatta war* not choaan bacaua* of th* possibility that 
wall affacta (6) would laad to bl*a*d aatlmat** of aapoaur*. 

Two itnplat w*r« collact*d at *aeh location on flight# b*tw*dn taw York and Tokyo* 
collection of th# firat aajapl# began aftar th* aircraft door# v*r* cloaed and *nd*d 
about »id way Into th* flight, whan collection of th* a*cond a*Mpl* atart*d. Coll**ti*A 
of th* aacond aaiapla *nd*d whan th* aircraft door* w*r* opened upon arrival at th* gat*. 
On flight* b*tw**n Tokyo and Hong Kong, only on* tempi* wa« collected at *ach location. 

Flight crwwi w*r* infofMd of the lnv«*tig*tIon before each departure, flight dak* v#r« 
obtained and cigarett* butti vara collactad at th* end of each flight. Aircraft vert 
cleaned by Mlntenanc* personnel before th* laepllrig tea* board*d each flight* 
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$ iT-E -Aiu.. i l ai-JX i 


Partabta iif taxiing *yat*ma iJ'AtS ii 


« 1 , 


f* | ua r • ui«d to collect incagratad «4/np i 


of vapor pinaa rui;ct»r,«. #5 p, and vv-fH and vo iron tier CO, t*(rptratur*, ind ftironauu- 
pra«*ur«- 7M PASS t» an «r>i sampling javica. p^warad by battaria* and daaignad to 
*pp«ar *• an ordinary e»riafe*a*. During oparation, tha PMl rawiini cio*#<j and cn* 
noi**‘ it m»k«a i• titip^rc*pt it>i• m th* cabin. Tha Oriafcaaa awtarior includ** an on- 
off i.uch pontionad jnd»r in* handl* *<\d inlat and #*h*uat porta po* 11 i cm#.i 
d i.a/nat r ict l ly at th« cornar*. Addad hardwara la Praia talaCtad 10 match t ha nOr** l 
briatcst* hArdutra. Tha abov# faaturai art irifandad to raduca tha pombiWty that 

• ampling wiLl infUcnca tha acting Dahtvior of paaaangar*. 

fh* pass waa taatad to anauri tn»t vt* opantton would not intarfara with avLoniCa. 
^*at raiulta *how«d that tha PAtl cOAfdn*# with Fadarii Aviation Admim at r*l ion 
•pacific»tion*. 

Tor aampling in tha aircraft, aach PASi wa* placad upright In Lta aatfignad i*at ind 
tacurad with a aaat faatanad through it* hand)*. In thia position tha FA3S tamplad 
ia cioa* ii poaaibia to < na praathtng tonaa of paaaAngar*. Clch PASS wa# attandad py 
ona r»a/nMr of th* aa^plinq t*am to pravant Iti Ming dLaturbad and to inuri that **ch 
«v«aaur#Mi>t pagan and andad on tlM. 

Th# mathod uaad to sampia ntcotina ha* Man daacribad bafdf* flj. *»5or c<*>pontnta ot 
tha sampling syatan inciud# a lortant tuM containing AAP-4 raaln (SAC Inc., eighty 
Pour, PA) connactad Dy rubt>*r tubing to a conit *nt*t low aamp Ling pvuap fSAC Inc.) 
oparatad it 1 L am', PartlCulata mattar aampla* vara collactad by tha ifathod daacribad 
by connar ft; tl. f*ij tnia mathod amploy* a tyttaa cOrtprl•inq an Utpaetor aspirating 
*t 1.1 am. « nU*t a***(Msiy containing a )7*m riuordpora awwnDrana fUtar with a por# 
alia of 1.0 PS oUUpor*. Ccrp.. BadforcS, MAh *nd a confr.ant-Mow tabling puap 11*5 
Inc.) oparatad it 1 l ■ain 1 - Pu»p# war* callbyata* 4 lifura and attar aanpl* oollaetion 
Ulth a film flow matar. Saaplat vara Lnva’isUtad if calibration ehack* anowad 
divLit LOna fro* avarag# flow graatar th*n 10*. 

CO aanUorlnq lyitas* war# davaiopad by modifying eossdfdUlly AvaUibla, paabUa 
union to oparat# with tutpllru) pump# (7, A). CO datactora (K«otcoalci> N«A*« 
Galnaavilia, OAj *ra (ittadwith aampling llnaa and aajaplkng pump* (OUlifti tnc., Mayna, 
HJ) and pfi*v|da-1 with a vnltag*»r#gulat*d povac atipply to maintain conatant flow during 

• aapling. tha aatactor la intarfacad to * 21* Mlcfologgar fCasp^U BCiantlflo, ino., 
L-wjan, l>T) progrfcrtaad ta cacoed data aach oinut** Mcordid data war* tranafarrad to 
caa.atta tap* and than to a paraonal co#put*r for analyaia. CO monitoring ayatasa war* 
c*libt* k .ad wit* gaaaoua utardarda bafor# and aftar aaapla collactlon. 


Hicgtin* mu qumi L f lad -nh tha mathod daacrLbad by Ogdan ft. A±+ tlO)* wicotin* 
coUactad on XXD-4 raaln la daaorbad U ) aL athyl acatata containing 0.01% fWv) 
tr lathy lamina, which rvautralli*# acidic »lt*a on lurfict* of analytical gUaa-ar*. 
Analyaaa ara parforaad with a Kodak 11101 gaa chro*atogr*ph aqtHppad with a nLtrogan* 
•alactiv# dAtaeior iMavUtt-PacAard, Avondalt* FA)> Chro^tography ka don* on a 30 m 
x o.iD am intid# diamatar. fuaad aUloa capillary column coatad with a i.% slcron fils 
of Ofk-4 ph«nyl a*thylpoiy#iio**fta| <J*W Aoiantific. Inc., Folaos. CA). Qutnoilna 
i# oaployad ii an intarnai atandard. For aach aaapla, tha front and rate aagmanta of 
xao-4 raain *r« anaiytad aaparacaly to aiaaaa bcaakthroughj non* wa a obaarvad. 
Mi-orption affietancy wii ijuantifiad by th* SSthdd daicrib^l by tha U.I, national 
Inatltuta at occupational lataty and Naalth (MIOSM) (11). Tha nlcotin* sathod ha# Man 
collaboratlvaly taatad (12). 

ASF wii guant if lad gr *v lmu Lea Vly according to mathod daaoribad Connar 
Filtara with and without aamplaa ara condition#* at roos tasparatura and *0% ralativ* 
humidity for at lent 17 hour* owfor* waighlng. static chargaa ara raaovad by holdlnq 
flltar# and luplaa undar an *ntl-atatid davica lltikioaittaf, Kodai Ko, 2W400, Kuclaar 
FroOucta Co., Cl nonta. CA > for at laaat on* stnut. bafora a*Ch weighing. Walght* *f* 

■UY 
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rv***uf*d with a 
Corp 

H ;Ot w*1 1 . 

; gh i ng ■ . 


ha 2 irtr* ?ii7inj a 
, High*town, NJ| 
l«cft gravi ric 


r«<«tiOi!(ty of 
and having «n 
it ii n« 


or* imcrogra/* (Hattiar n), Mart:*, 
anci-atattc J*vic* i f tichm » 0 t + i 

*v#r*gt of it i«*«t fivi •*p*r*t* 


JX?* waa tfuantifiad i* d**c*'ib*d by Connar fj ^ 1 , (9). *f?*r RSF i* datarminad, ir ,« 

a imp la and filtar itt aatractad with 4 n! Mtnano) and * aliquot of tha attract 

II iftjiciid irto * c o I u» n 1 • • ■ ligyid ch rom* tog r* pruc iylt*m iguippad «itn <n uJir* V iol*t 
imtior n»*nurinq adaorp’tLon it 33% rvn. of UVpn ar* conputad from « tund«r^ 

ctU&ni ion curia ctar u*d f tom & aariat of tTS concantratiom praparad in an 
■ nviron*mt*l cnamoir <l3). Tor tM work raportad hara, mathanolic loiutiena of 

?.} T ,4.4 r ** tat rahydr oaybari iophanena (kidruh, Nilwauk**, wij war* j**d n ••condiry 
•tandarda (ft). 1 ngabrac haan at at. (9, 14) hava ahown that («mlti fro* Jtjp and wph 

/nathoda an gnbimd riUtlva to raaglta fro* p l* im lict r tc biUncu. 


mauLTi aKO discussion 

Tibia 1 priaant* raaulta f cow dataralnatlarti of toncantrat 1ona of mcotin*. asp. «nd 
UVpm in Aonaaokinq < h* j and anoHing aaction* (ft). Claaaaa of aarvica arat firat data, 
fC)aa*r laicutIn, Exact and aconoay. Keen■ /light* *ra Ldantiflad aa follow*! flight 
1« Tokyo to Nong Hongi flight 1 , Hong Kong to Tokyo) flight %, Maw fork to Tokyo; and 
(light I, Tokyo to *•* fork. Datft InvkUdatad Mtimi of ciUbrfttlon fiiuUi art 
daalgnatad not tviilabla (MM. 


TAIL* 
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TABLE p*iulCH fro* of N.coun*, ASP, md WPM CJncant nuont 

_ in ft 7 4 7 *1 jc»nttn u «di 


*0- 

Uiit $«ct ion FI iqf\t 

lainpia Nicoiin* dip 

UYPH 

:6 

icon NS 

1 


NA 

1 

2 

; 7 

liiac MS 

1 

1 

C.0 

4 

6 

: 0 

E«ac NS 

1 

l 

C . 7 

: 6 

4 

:9 

FCla»a NS 

1 

: 

o. 1 

:) 

3 

10 

Icon ns 

1 

i 

i a 

2 

J 

11 

Econ 3 

1 

; 

NA 

l 

1 

J2 

Ciiac S 

1 

? 

}■ \ 

i 

3 

11 

PCIa*a S 

1 

2 

4 .7 

4 7 

IS 

14 

E«ac S 

1 

2 

0. 9 

42 

« 

15 

Cron s 

l 

2 

NA 

23 

23 

>6 

fcon NS 

1 

2 

NA 

24 

22 


rciaa* Hi 

1 

3 

C. 1 

S 

3 

16 

E«ac NS 

1 

2 

G . T 

6 

4 

)9 

icon HS 

1 

2 

). 7 

7 

? 

40 

C*ac NS 

1 

2 

0-4 

24 

9 

4 1 

E*ac S 

e 

1 

13-9 

3 6 

26 

42 

Ex*C i 

8 

1 

7.3 

24 

22 

* y 

Econ S 

a 

1 

1.9 

24 

9 

<4 

Icon 5 

a 

1 

0.3 

3 

3 

*S 

fClia* 6 

8 

l 

HA 

18 

20 

*4 

E«a< hs 

a 

1 

1 . 1 

NA 

HK 

4 7 

rci«ai NS 

a 

1 

0.3 

3 

y 

49 

Icon nS 

a 

1 

4.4 

3 

3 

49 

txac Hi 

8 

1 

1.0 

3 

J 

SO 

Econ Hi 

1 

1 

NA 

8 

S 

SI 

E**C S 

6 

2 

5.1 

63 

21 


Icon s 

8 

2 

1.8 

10 

6 

SJ 

taac S 

8 

2 

).S 

19 

14 

14 

icon S 

6 

2 

1.6 

1 

3 

SS 

rCiava S 

0 

2 

NA 

3 

3 

li 

Exmc Hi 

e 

2 

0.4 

NA 

NA 

17 

Icon NS 

6 

2 

2.2 

9 

9 

16 

Ix*c NS 

6 

2 

0-5 

3 

3 

19 

PClaaa MS 

6 

2 

0. 1 

3 

3 

40 

Icon Nf 

a 

2 

NA 

3 

2 


Tha CO Monitoring ayacaa* provided na valid data. x«p*r*.*«nt» dona tfctr tha ttudy 
ahovad that low r«l«tlv« humidity lmli, *uch a# in th* aircraft cabin*, 
aubatant tally »hori*n rha working llfa of tha CO aanaor u**d by th* HSI. Had CO data 
Oaan obtained, it aight hav* baa* poaalbLa to addraaa laauaa c*qtrdlng Irritation and 
innoytnc* fro* **poaur# to ITJ. 

Coodnaaa of fit taat* war* u»«d to ****** th# fora of th* concentration data. Aaauita 
indicate that th« log norul dUtrlbutlon daaeribaa th* data battar than tha normal 
distribution. Tabla IX provida*. by aactlon, tvnaary atatUtlca Including th* 
arlttwaatlc and gaoMtric Min*, awlau* and airlaua valuaa, and miatoar of * amp la*. 


451 



PM3006448147 


Source: https://www.industrydocuments.ucsf.edu/docs/tljj0001 







T* >>• 11 . 


Surdity ol |n»» CoU«(<d in Naft*l»»im |H1| an* 

teoaing t%\ ucuofti of • - 4 • L*•100 md |U 'LP^JOO MrtriU 


Confinimuirt, 19 *' 
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n 

31 

It 
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If 


mimical antly «•« ampioying mova nn gong 10 1*11 lor dlffttiMtl mik 

concsnt rat ion* (both anthmetm and at Ml t and <JV*PM **4«vrt4 k rs 

Mc^om »nd cUam of aer*i«e, M(«lu IMUIU ne *t#tl*tl«*Uy 

diffararC* (r > 0.0% i in foncint rat Loot of KTI indicator# between IlHMI Of **fvl«a. | 
CUfta-byaoetion Interaction* (Cliai • laotlan) olio Mr* found no I 10 bo ai«nLli«*ftt 1 
(P > 0.011 for tha tnra# indicator*. ftaimitally iUnlficaru dilfarentea art in#** 
between Booking and ngn-Beo*ing section* for mDOtin*. MF# tnd UVPK, P"»*Wff (Bf 
analyse* of tne log t ranaf or*#*- result* if« fc« fallen nicotine, 9 • O.OOOlf UP, p 
* o.ooil) and lN5t« r * * o.oOQi. P-vaiue* for the non-tran*formed nwlii are aiaiiin 
iucoum, P - O.QGQTj PIP, 0 . 01 * 1 ; and uvpH» O.OOM. 

Tha finding that aeowar aagregatlbn reduce* enpeeure Of paiaanger* »«»U4 in non* 
smoking i#ct ion* 1 * comment with multi trao knvett Igatlom performed in narrow 

bodlad aircraft ( l, u, 11, Ilk. Additionally, thLa finding io in lino with tho da* ifn 
and operation of ventilation ayatem* for S747LA*10O and -200 aircraft which aro d«*ignod 
to provide mora than H air change# par hour. 

Cl.ii'ty-.wUon Lnl*r<cCl«n »«»tHUc. non LnOLtoto iftftdo 1ft It* Knnoftlf tlloftt «okr* 
tram tint dm to .conoay eltii, Tno ttoonoi 0 < »nni<l»«ftt 0 loot"Ry-Motion 
Intoroctlon aloe la eonaiatant with tho o, tfto vontllotlon ayotaoii ala la 

intonOoO to bo uniformly ditto L bn too ihrovfnwl tho oobln with (low Mlftfl proOootn.n.ly 
(row catling to floor with littl* fora to aft movement, 

Micotine result# agree with thoaa piOVlOully reported In PdrtntOtiOfl With aircraft 
cabin*. Kuri»at*u it tl. {14, 11 ) uaed perannil aaopUng device* t* goUaot nicotine* t 
They reported arithnetlc mean concentraxion* of Hit *nd t«J at m* at Making ••*»■ and 
non-aawking #e*ta, fa*pectively. in* Man nicotine concentration* for tho two Motion# 
war* at.at.tat Ically different (9 i 0.011 (If), Our oorilor in»o*t If at Ion (1) Of till* 
300, ■’137-200, and #117-300 aircraft reported q+ometcio »ean nicotine concentration* 
of 1.3 *g n 1 in eAoking wetioni and S. I *g a k in nbn-aookihg Motion*, additionally, 
statistical analyae* ahowwd that th* dif r a rent* between nlootLno concentration* eeaaura* 
in the sectlona wa* algnifleant. 


HS? results for asking aacxion# are alallar to those jointly reported by the V.l. 
Department of Health, Education and welfare (QHtV) and 11,1. beparteenv of Transp*»t*t Ion 
(DOT) (II). for th*? iftv eat Lgallon, KIP concent rat Von* ranged (too none dot acted to 
130 *g o' with an antiveetic mean of 40 »g o'. lyeh aieilaricy eight be a* pec ted 
bwcauae the OHXw/DOT lnv«atiqatad wide-bodLed aircraft. However, theae investig*tlona 
wer* performed in 1*71 whan SAoklng demographies were different and before the 
promulgation of regulation* aegregating eieoliersj thus, the baala for comparison 1* 
1leitad. 
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H«i.n concvn*.rmon» of rsp and i/v-ph aqra* cloaaiy. Thla agrtamant ia awpactad in vtiw 
of int abaanc* of aigrufteant lourcn of psp aithar wLthin or outaida of tha iirerid, 
«ith tna adaption of ITS. Th* diffaraneaa MtwHn gaomatric mean cencantraticna of 
uvph and BSP Miiur«d in Bracking and non-amoking faction# auqgast shat background 
concintrUkom of PSP m th* tbitnrt of ITS ran?* catvam 3 and 9 »g 

Paaulta r«porc*d far Mtiur««anti conducted in non-amok 1ng tactiena do not rapraaant 
no amoking conoit iona, On ttviril occmoni during ch« i nm*t»gat ion , pdiaangarS aaatad 
in non*amoking aactiona war* obaarvad araoking. Tndaad, tha rugrtaat coneaneratign« of 
mcourn, psp, and YVPH found in non-amoking aartiona ara aaaotiatad with )uat auch a 
•ituat ion. 

Tabla nr qivaa information on nunaari of paaaangaff an. - * aaoking rataa for tha four 
flighta. smoking rata* ara fairly unifern, ranging f> om 0.91 to 0.3? cigaratta 
paaiangtr' h\ It dasirad to quantify # me king rttM in tana# of slfftratiftt looking 
paaaangar* h 1 j howavar, occurranca o( awoking in non^iwoklfiy 1 aaaftohft praqludad gueh 
ecx^pot at ion*- from data reported by tha OKtu/DOT (lit in it*i, awokinq rataa of 0.4 
and 3.5 cigaratta paaaangar' h* art comput ad for dooaatlc flights and for 
tranacont inarttal flight# involving military paraonnal, t aapoct '.valy. A MHlang rat* 
of O.nt cigaratta paaaangar' h' la caleulacad frea data raportto Ln 1911 by Malf^nny 
and atarratt 0*1 * Thaaa rataa (II, 19} ara hlghsr (ban thoaa aaasurad for t?.# prtasnt 
Invaatigat Ion. at night be eapectad, e*mg to changaa in aaoking demographic* that have 
occurred atnee thaae earlier Miiur««antf were exported. 

Table HI. Sacking Bata Data and Beaulta 


avaraga total 

■aapling no. no. Making rate. 


eUanttii 


Haw York to Tokyo ”787 170 41? 0.3S 

Tokyo to Kang Kong 2?4 312 304 0.39 


Hong Kong to Tokyo 203 38? 357 0.3? 



The mar and nicotlna data reveal on* of tha limitation# of M> to nicotine ratio# whan 
u*.d to evaluate raaulte (20). *ap«ea and Lowray (21) aaauwa an Sir to nlcotlna ratio 
of ?il to weclmata asr concentration* froa con cant ration* of niaotin# aMieured In 
aircraft cadina. Pata for tha praaant aeudy give ft ratio of *»1. Factors *ffading 
both tarn a of tha ratio can explain thla dl iterance. for ground level env ironMnta, 
tha Usp t*r» of <■ ha *Sf to nlcotlna ratio generally will ba tolaaad high/ overeatiaating 
its. bacaoaa asp doaa not apportion for rra. In contraat to ground level environment#, 
concentratlona of ASP In aircraft cabin# ara affected iaaa by non-ITS aourca*; 
conaaguantiy , tha JLAP t«ra of tha ASF to nlcotlna ratio ahOuld better Indicate STS and 
tha ratio ehould tand to ba laaa than that lor ground levs! environments uhara im 
danaity of aaokara ia alwllar. 


Laatly. an appreciable background concentratIon attributable to daaorption of nlcocina 
Ctom walla and fabric* wight awlat within tha aircraft cab in*, Although n#Lth*r wa nor 
cthar raaaarcnara haaa lnvaatigatad tha nlcotlna background in aircraft oabina. tudy 
al. (22) found ft background concentration of approxUaataly 1 ug ■* in ft raataurant 
having an rd^Olning bar. Mighar background concaneratlona of nlcotlna wight axlat in 
aircraft cabin# cowparad to. ground laval anvironwanta auch aa officaa and raatauranta 
nacauaa aircraft cabin* na»# • graatar dwnaity of awokara wham mo king can occur 
continuoualy and * graatar aurfaca to voluw# ratio. 
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